Malic enzyme activity is not the only bottleneck for lipid accumulation in the oleaginous fungus Mucor circinelloides.
Commercial interest in microbial lipids is increasing due to their potential use as feedstock for biodiesel production. The supply of NADPH generated by malic enzyme (ME; NADP+-dependent; EC 1.1.1.40) has been postulated as being the rate-limiting step for fatty acid biosynthesis in oleaginous fungi, based mainly on data from the zygomycete Mucor circinelloides studies. This fungus contains five genes that code for six different ME isoforms. One of these genes, malA, codes for the isoforms III and IV, which have previously been associated with lipid accumulation. Following a strategy of targeted integration of an engineered malA gene, a stable strain overexpressing malA and showing high ME activity has been obtained, demonstrating the feasibility of this strategy to overexpress genes of biotechnological interest in M. circinelloides. This is the first report showing the integration and overexpression of a gene in Zygomycetes. Unexpectedly, the genetically modified strain showed a lipid content similar to that of a prototrophic non-overexpressing control strain, suggesting that another limiting step in the fatty acid synthesis pathway may have been revealed as a consequence of the elimination of malic enzyme-based bottleneck. Otherwise, the fact that prototrophic strains showed at least a 2.5-fold increase in lipid accumulation in comparison with leucine auxotrophic strains suggests that a wild-type leucine biosynthetic pathway is required for lipid accumulation. Moreover, increasing concentrations of leucine in culture medium increased growth of auxotrophs but failed to increase lipid content, suggesting that the leucine synthesized by the fungus is the only leucine available for lipid biosynthesis. These results support previous data postulating leucine metabolism as one of the pathways involved in the generation of the acetyl-CoA required for fatty acid biosynthesis.